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Introduction

The quality of the recycle solvent is critically important in all direct
coal liquefaction processes. The fact that overall solvent quality can be great-
ly improved by adding some of the lighter nondistillable products to the solvent
is one of the mgst important discoveries in direct coal liquefaction research in
recent years.(1 Many recent studies have focused on the role of solvent in
direct liquefaction. It has been shown that most hydrogen transferred to the dis-
solving coal durin in;tia] preasphaltene formation comes from the solvent rather
than hydrogen gas.{1s2) The high molecular weight aromatic hydrocarbons in the
recycle solvent are particularly adept at transferring hydrogen to coal and can
retard retrogressive reactions which can lead to the formation of undesirable
insoluble products. On the other hand, the coke formation reactions are also caused
in Targe part by hiah molecular weight solvent ?ngonents, particularly those con-
taining phenolics and polyfunctional compounds.

Other studies have focused on the role of nitrogen-containing aromatics in the
recycle solvent. The lower molecular weight aromatics which contain basic nitrogen
have been shown to be excellent hydrogen transfer agents(4 and may also readily
penetrate the coal structure to re?c§ with reactive coal species before retro-
gressive reactions can take place.

One of the problems encountered in all of these studies has been that when
actual process derived solvents are used, they are so complex that the results
are hard to assign unambiguously to particular chemical properties of the solvent,
while the use of model compounds have simply not included materials of sufficiently
high molecular weight to adequately represent the heavier species in true recycle
solvents.

The purpose of this work is to further study the liquefaction chemistry of
the heavier materials in a process derived liquefaction solvent. Solvents obtained
from near equilibrium operation of the Lummus ITSL Process are being used because
others hav? ghown that this solvent is less complex than solvents from other
processes. {6

Experimental

Samples of SCT Recycle Solvent (2SCT16-1122), the solvent recycled to the
short contact time coal dissolution step, and SCT Heavy 0il1 Product (25CT16-1122),
the 500*F product from the same process step, were obtained from the Lummus I1TSL
Process pilot plant.

Both of these materials are black solids at room temperature. Analyses are
listed in Table 1. Both have number average molecular weights (by vapor pressure
osmometry) between 400-500 grams/mole. The SCT Heavy 0i1 Product, which is approx-
imately a 1.8:1 mixture of reacted SCT Recycle Solvent and dissolved coal, has an
B/C ratio of 0.80, slightly higher than the H/C ratio of the starting I11inois #6
coal and somewhat less than the H/C ratio, 0.95, of the SCT Recycle Solvent.

ITlinois #6 coal used in the Lummus ITSL Process was also obtained and
analyzed with the results shown in Table 2. The coal has been dried to approxi-
mately 4 percent moisture and ground to more than 70 percent -200 mesh for use
in the process.
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The procedure used for the liquefaction studies consists of mixing solvent
and coal in a microautoclave (»18 cc volume) and pressurizing with either hydrogen
or helium, containing a small amount of krypton as an internal standard, to 1000
psia (at room temperature). Standard reaction conditions are 800 F for 5 minutes.
The autoclave is agitated with a wrist action shaker and heated in a fluidized
sand bath. The autoclave is equipped with a thermocouple and recording pressure
transducer. A typical pressure and temperature versus time curve is shown in
Figure 1. The average heatup time, to 790 F, is 1.9 minutes. After reaction,
quenching to 600 F requires ~0.5 minutes. This method gives excellent control of
residence time at temperature.

The gases are transferred to storage in a 2-liter evacuated gas bulb for
later analyses. The liquefaction products are washed from the autoclave with THF
and the insolubles are extracted with THF in a Soxhlet extractor. Conversions of
MAF THF insolubles are calculated using the weights of insoluble organic material
(IOM) in the coal and solvent, the starting ash content of the solvent and coal
and the moisture content of the coal. Excess THF is stripped from the THF solubles
on a rotary evaporator and the resulting concentrated solution is slowly added to
20 parts of boiling heptane per part of THF to precipitate heptane insolubles.
After the THF is distilled from the mixture, the precipitate is allowed to settle
overnight and removed by vacuum filtration, The heptane is distilled from the
filtrate and each of the fractions is dried in a vacuum oven overnight at 110 C,
cooled and weighed. Net changes in the amounts of THF soluble-heptane insolubles
(asphaltenes and preasphaltenes) and heptane solubles (o0ils) are calculated by
subtracting blank extraction data for the starting solvent and coal to obtain
differential solubility changes caused by liquefaction.

The gases are analyzed for Ho, CO, C02, CHg, C2's and Kr. After normaliza-
tion to a standard krypton concen%ration, net yields (or losses of hydrogen) for
each gas are calculated.

Results and Discussion

In order to study the chemistry of the 800*F Recycle Solvent components, the
SCT Recycle Solvent was separated by vacuum distillation into fractions with boil-
ing points above and below 800 F {427 C). Liquefaction experiments using the
800-F material serve as a baseline to allow a systematic study of the effects of
addition of various fractions of the 800*F materials to the liquefaction solvent.
Additional chemical insight may be obtained by running reactions in the presence
and absence of a 1000 psia (cold) hydrogen atmosphere. Also, the use of the same
chemical class fractions obtained from the 800°F and 800%F fractions may help
illustrate the effects of higher molecular weight on the reactions of the solvent.

The SCT Recycle Solvent sample has been distilled under vacuum to obtain
800*F and 800~F fractions with the results listed in Table 3. Approximately 36
percent of the sample distilled below 800 F. The 800-F material has a higher H/C
ratio and about 50 percent lower number average molecular weight. As expected, it
is almost entirely heptane soluble. The 800*F fraction contains 80 percent of
the nitrogen, 84 percent of the sulfur and 76 percent of the oxvgen in 65 weight
percent of the sample. The heteroatom concentrations are not large, however, and
total only about one heteroatom per molecule (containing an average of 34 carbon atoms).

Liquefaction experiments have been done using 6 g of either the total SCT
Recycle Solvent or the 800°F SCT Recycle Solvent fraction with 3 g of I1linois #6
coal under 1000 psia (room temperature) hydrogen or helium. The results are
listed in Table 4.

Since both solvents and the coal are partially soluble in THF and heptane
when exposed to the workup procedure before liquefaction at elevated temperature,
the results have been corrected using blank extractions of the starting materials
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to reflect the charges in the three solubility fractions before and after lique-
faction. The results have also been corrected to remove the ash and moisture
present in the starting coal. The reaction conditions have been chosen to obtain
good, but not complete conversions so that differences due to the solvent and gas
atmosphere can be seen. The reaction conditions gave nearly equal conversions of
MAF THF insolubles, except for the 800°F SCT Recycle Solvent under hydrogen, which
gave a significantly higher conversion. Most of the THF insoluble material is
converted to THF soluble-heptane insolubles (preasphaltenes plus asphaltenes).
Under helium there is a small net loss of heptane solubles (oils).

Hydrogen is produced on balance under a helium atmosphere while hydrogen is
incorporated into the products on balance under a hydrogen atmosphere. The 800°F
SCT Recycle Solvent may be exceptional in this respect and actually release a
small amount of hydrogen, even in the presence of 1000 psig of hydrogen. The
effects of different solvents and gas atmospheres on CO is negligible but more
€0, is produced under helium and more CHy is produced under hydrogen.

The 800-F and 800%F SCT Recycle So?vent fractions are now beina separated
into c?emica] classes using the liquid chromatography method described by Later,
et al. Preliminary results from the separation of the 800*F SCT Recycle Solvent
fraction are listed in Table 5.

Table 5. Separation of 800%F SCT Recycle Solvent
Fraction by Liquid Chromatography

Recovery,
Solvent Chemical Class Weight Percent
Hexane Aliphatic hydrocarbons 4.9
Benzene Aromatic hydrocarbons 27.9
Chloroform N-Aromatics 4.8
THF-EtOH (10%) OH-Aromatics 33.3
Total recovery 70.8

The 800*F material is approximately one-quarter aromatic hydrocarbons and
5 percent of aliphatic hydrocarbons and N-aromatics.

These separations will be extended to the 800-F SCT Recycle Solvent fraction
and then these fractions will be added separately to the 800°F recycle solvent to
determine the effect of various types of solvent molecules on the conversion and
yields during the coal dissolution step.
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TABLE 1.

ANALYSES OF SCT RECYCLE SOLVENT AND
HEAVY OIL PRODUCT FROM THE LUMMUS
ITSL PROCESS PILOT PLANT

Sample SCT Recycle Solvent SCT Heavy 0i1 Product
(2sCT16-1122) (25€T-1122)
Elemental Analyses, Wt %
Ash 1.30 3.61
Carbon 86.77 85.87
Hydrogen 6.88 5.74
Nitrogen 0.94 1.02
Sulfur 0.53 0.99
Oxygen (by difference) 3.6 2.8
H/C 0.95 0.80
Distillation Data, Wt %
800°F 35.6 38.2
800*F 64.4 61.8
THF Solubility, Wt % 96.4 88.6
Molecular Weight, g/mole 477 424
TABLE 2. ANALYSES OF ILLINOIS #6 COAL FROM THE
LUMMUS ITSL PROCESS PILOT PLANT

Proximate Analyses, Wt % As-Received Dry

Moisture 3.99 -

Ash 9.72 10.12

Elemental Analyses, Wt %

Carbon 69.73 72.63

Hydrogen 4.93 4.67

Nitrogen 1.18 1.23

Sulfur 2.88 3.00

Oxygen (by difference) 8.35

H/C 0.77

Particle Size Distribution, Wt %

+70 mesh 0.07

-70 +120 3.64

-120 +200 18.90

-200 +325 14.84

-325 62.55

THE Solubility, Wt % 13.7
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TABLE 3. ANALYSES OF 8CO-F AND 800*F FRACTIONS FROM
THE DISTILLATION OF SCT RECYCLE SOLVENT
(25CT16-1122}

Sample So0-F 800*F

Weight % of

Starting Material 35.6 64.4

Elemental Analyses, Mt %

Carbon 90.96 87.88
Hydrogen 7.12 6.18
Nitrogen 0.57 1.30
Sulfur 0.23 0.69
Oxygen (by difference) 1.12 1.95
Ash <0.01 2.00
H/C 0.94 0.84
Molecular Weight, g/mole 257 456

Solubilities, Wt %

THF insolubles 0.0 5.5

Heptane insolubles 1.5 39.5

Heptane solubles ﬁ.s 57.9

TABLE 4. SUMMARY OF MICROAUTOCLAVE LIQUEFACTION RESULTS
WITH SCT RECYCLE SOLVENTS AND ILLINOIS #6 COAL
Run No. 7 15 9 17
Solvent Total SCT Recycle Solvent 8007F SCT Recycle Solvent
Gas Atmosphere He Hy He Hy
Conversion of MAF
THF Insolubles, % 78.2 75.0 78.6 84.6
Net Change of Heptane
Insolubles, % of Total 19.0 17.8 18.0 19.2
MAF Products
Net Change of Heptane
Solubles, % of Total -2.0 0.5 -0.0 1.1
MAF Products
Gas Analyses, Volume %
Hy 0.85 -7.87 1.09 1.55
co 0.16 0.12 0.13 0.14
€0y 1.06 0.75 1.15 0.58
CH 0.77 0.98 0.75 0.90
C2H4/€2H6 0.49 0.39 0.35 0.34
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